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Experimental Details
A batch of eight indium phosphide heteroepitaxial solar cells
on gallium arsenide substrates was provided by the Spire
Corporation under contract to NASA Lewis Research Center.
The cells considered in the present investigation were grown by
MOCVD. The n'p cell structure as shown in figure 1 had
emitter and base thicknesses of 40 um and 3 _ma and doping
concentration of 2x 1018cm 3 and 3x 1016cm 3 respectively. The
buffer layer was lpm thick and had a doping concentration of
1x 10 lgcm 3. These cells had a two layer ZnSflvlgF 2antireflection
coating. The cell size was 0.5 by 0.5cm and the front grid
coverage was 5 percent. Cells were measured at NASA Lewis
under simulated AMO spectrum ( 137.2 mW/cm 2, 25 °C) using
a calibrated reference InP cell. The average values of the short
circuit current, open circuit voltage, and efficiency for the eight
cells are 6.654 mA, 0.6666 V and 8.92 percent respectively.
Approach, Results and Discussion
Experimentally measured heteroepitaxial solar cell I-V
results were simulated using the PC-1D computer program.
The preliminary modeling results are described elsewhere
(ref. 11). Figure 2 shows the calculated I-V characteristics of
the heteroepitaxial InP solar ceil. Hole diffusion length, electron
diffusion length and front surface recombination velocity of
16 nm, 0.42 pm and 107 cm/sec respectively have been used in
these calculations. Also shown in figure 2 are the measured
short-circuit current, maximum power and open-circuit
voltage points by circle. These are the average values of the
velocities of 10 7, 106 and IOt cm/sec. From these results it is
clear that the short-circuit current, open-circuit voltage and
efficiency improves significantly with the decrease in
dislocation density and results tend to saturate for dislocation
density around 1(Ycm -_.From the efficiency versus disk_cation
density plots it is clear that the cells in excess of 18 percent
AMO efficiency could be fabricated if the number of
dislocations could be controlled. Dislocations act as
recombination centers for minority carriers and reduce the cell
short circuit current, while the increase in leakage current
reduces the cell open-circuit voltage. The reduction in cell
current and voltage is responsible for the low efficiencies
observed in current heteroepitaxial cells having a large number
of dislocations. The heteroepitaxial lnP solar cells grown on
silicon wafers with intermediate GaAs buffer layers have
shown experimentally measured average dislocation density
in the 3-8x108 cm -2 range (ref. 6), which is responsible for
lower efficiencies (7.1 percent AMO) of these cells (rcf. 4).
Unfortunately no experimental data of the dislocation density
are available for the hetcropitaxial haP cells grown on GaAs
wafers. From the calculations it is observed that the dislocation
density should be around l0 s cm 2 for such cells.
From figures 3 to 5 it is observed that the reduction in emitter
thickness and front surface recombination velocity has an
appreciable effect on theceil short-circuit current and efficiency.
The open-circuit voltage almost remains unaffected by the
above change. From the results plotted in figures 3 to 5, it is
observed that the effect of surface recombination velocity on
the cell short-circuit current and efficiency becomes less
pronounced as the emitter thickness reduces. It should be
noted that improved cell current and efficiency results are
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Figure 1.--Structure of a heteroepitaxial indium phosphide
solar cell.
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Figure 2.mComparison of calculated and average
measured I-V results.
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Figure 3.---Variation of heteroepitaxial indium phosphide
solar cell short-circuit current (a), open-circuit voltage (b),
and AMO efficiency (c) versus dislocation density as a
function of surface recombination velocity. (Emitter thick-
ness 40 nm)
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Figure 4.--Variation of heteroepitaxial indium phosphide
solar cell short-circuit current (a), open-circuit voltage (b),
and AMO efficiency (c) versus dislocation density as a
function of surface recombination velocity. (Emitter thick-
ness 30 hum)
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Figure 5.--Variation of heteroepitaxial indium phosphide
solar cell short-circuit current (a), open-circuit voltage (b),
and AMO efficiency (c) versus dislocation density as a
function of surface recombination velocity. (Emitter thick-
ness 20 nm)
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